TBX21-1993T/C (rs4794067) polymorphism is associated with increased risk of chronic periodontitis and increased T-bet expression in periodontal lesions, but does not significantly impact the IFN-g transcriptional level or the pattern of periodontophatic bacterial infection

Introduction
Periodontitis is a chronic infectious diseases characterized by the progressive and irreversible destruction of teeth-supporting structures. Periodontitis is initiated by the bacteria harbored in the teeth-attached biofilm that infiltrates the surrounding epithelial and connective periodontal tissues, triggering a host inflammatory immune response that leads to the subsequent lesion development. 1 While any bacteria can essentially trigger a host response, specific Gram negative anaerobic rods have a special capability to elicit and chronically sustain the host inflammatory immune response that mediates periodontal tissue destruction. Most prominent among periodontitis-associated bacteria are the so called red complex cluster (Porphyromonas gingivalis, Tanerella forsytia and Treponema denticola), which has been consistently associated with the occurrence, severity and negative response to treatment of the disease. 2 As previously mentioned, it is noteworthy that the sole bacterial infection is not sufficient to explain the complex pathological processes of periodontitis, being the nature and extent of host´s response ultimately responsible for the disease occurrence and outcome. 3 While microbial and environmental factors (lifestyle factors [as smoking and stress] or acquired diseases [as diabetes]) characteristically modulate host responses (and consequently periodontitis outcome), studies suggest that as much as 50% of the risk of disease can be determined by genetic factors, [4] [5] [6] and that numerous disease modifying genes may be involved in the pathogenesis of periodontal diseases by modulating the host's response and his susceptibility to infection. 3, 7, 8 Recently, the interaction between host genetic factors that can impact the ability of pathogens to invade and proliferate on host's tissues has been termed infectogenomics. 9 This concept highlights the close and intimate dependence of the host's immune mechanisms and the commensal and/or pathogenic microflora, which co-evolved in a mutually dependent fashion. 9 The Th1-polarized immune responses have long been implicated in the pathogenesis of periodontal diseases, since their characteristic cytokine products are overexpressed in the diseased tissues and in mononuclear cells isolated from periodontitis patients. 10 Also, from a mechanistic viewpoint, the prototypic Th1-cytokine IFN-g amplify and exacerbate the pro-inflammatory activity of infiltrating phagocytes and resident cells, ultimately increasing matrix metalloproteinase (MMP) and receptor activator of NFkB ligand (RANKL) levels, leading to augmented tissue destruction. [11] [12] [13] While recent evidence points to the participation of other T helper subsets (such as Th17 and Thf) in the pathogenesis of osteolytic inflammatory lesions, numerous studies demonstrate that the Th1 subset can be independently responsible for the establishment and progression of periodontitis.
14 Th1 lineage commitment and differentiation involves the activation of the key transcription factor T-bet (a member of the T-box family of transcription factors) 15 and the secretion of the hallmark cytokine IFN-g, involved in the activation of macrophage´s microbicide functions. 16 Indeed, in addition of modulating the periodontitis' outcome from a tissue destruction perspective, it is also important to mention that Th1 responses have a fundamental role in the control of experimental periodontal infection. 13 Taking into consideration the essential role of T-bet in Th1 responses development, the TBX21 (17q21.32) -1993T/C polymorphism (rs4794067) of the promoter region of T-bet gene has been associated with an increased binding affinity to Sp1 transcription factor and increased transcriptional activity of the TBX21 gene, resulting in a predisposition to a Th-1 biased immune response characterized by increased IFN-g secretion. 17, 18 Indeed, numerous studies have associated the TBX21-1993T/C SNP with increased risk or early onset of different diseases, such as type I autoimmune hepatitis, 19 systemic lupus erythematosus, 18 childhood asthma 20 and aspirin-induced asthma. 17 Despite the previous association of Th1-type responses with periodontitis development, no study has investigated the possible influence of this SNP in periodontitis, although it has a potential functional influence in Th1-polarization.
Therefore, it is possible to hypothesize that individual variations in TBX21 could impact the development of Th1 responses, and consequently could influence the pattern of bacterial infection and the outcome of chronic periodontitis. In this context, we conducted a case-control study to investigate whether the TBX21-1993T/C single nucleotide polymorphism (rs4794067) is associated with increased chronic periodontitis risk; and we also investigated the putative functionality of this SNP in the modulation of T-bet and IFN-g levels in situ, as well as its potential impact in the susceptibility of developing infection caused by classic periodontal pathogens.
Results
TBX21-1993T/C SNP (rs4794067) frequency analysis
There were significant differences in the inflammatory and clinical periodontal parameters between all groups, as previously reported in detail. 21 A summary of the population´s demographics, clinical characteristics, genotype, and allele distribution is provided in Tables 1 and 2 . The CP and H subpopulations selected for microbiological analysis and quantification of T-bet and IFN-g expression in gingival tissue were not significantly different from the total population sample (data not shown).
Genotype and allele frequencies of the studied polymorphism were in Hardy-Weinberg equilibrium in the H, CG and CP sample populations (P > 0.05) ( Table 2 ). The allele distribution of the sample was T D 78.2% and C D 21.8%, resembling almost exactly the average allele distribution of the sample of the phase 1 '1000 Genomes Project' (polymorphic T-allele D 78%; ancestral C-allele D 22%). 22 The frequency of the polymorphic allele homozygote genotype (TT) was significantly higher in the CP group, compared with the CG group (70.6% vs 59.1%, p D 0.0087). Similarly, the allele frequency of the polymorphic T-allele was significantly higher in the CP group compared with the CG group (18% vs 25.6%, p D 0.0051). Interestingly, the When the H and CP groups where compared, the recessive model rendered the lower Akaike information criteria (AIC), demonstrating the best fit with the data (Table 3) , although failing to demonstrate any association between the genetic variants with the disease status, which was somewhat predictable taking into consideration the intermediate genotype of the H group. On the other hand, when the CG and CP groups where compared, theoretically representing the dichotomy between resistant and susceptible phenotypes, 21 the log-additive model demonstrated the best fit with the data and both the recessive and log-additive model provided the framework for a significant association between the genetic variants with the disease status, supporting the association of the T allele with the increased susceptibility to chronic periodontitis ( Table 3) . Power calculation demonstrated 97%, 57%, 86% and 16% power with tolerance for 0.001 false positives in the multiplicative, additive, recessive and dominant models, respectively.
TBX21 genotype vs T-bet, IFN-g levels and clinical parameters
We compared the profiles of T-bet and IFN-g expression levels with the clinical parameters of periodontitis among the different genotypes of TBX21-1993T/C SNP. The expression of T-bet and IFN-g was significantly higher in the CP in relation to the H group (15-fold, P < 0.001 and 2-fold, P < 0.001; respectively) [ Fig. 1 ]. In the CP and H groups the expression of T-bet was significantly higher in the polymorphic homozygotes (TT genotype) in comparison with both the heterozygotes (CT) and the ancient-allele homozygotes (CC) (p D 0.0128 and p D 0.021; respectively). Nevertheless, the IFN-g expression levels only demonstrated a non-significant trend for increased expression in polymorphic homozygotes [ Fig. 1 ]. When T-bet and IFN-g expression levels were compared irrespectively of the TBX21 genotypes, no correlation between T-bet and IFN-g expression levels was observed in healthy control subjects, while a weak, but statistically significant correlation (r 2 D 0.05, p D 0.01) was observed in chronic periodontitis patients [ Fig. 1 ]. Regarding the analysis of the possible impact of the TBX21-1993T/C SNP in chronic periodontitis development, no significant variations were observed in the clinical parameters of periodontitis (probing depth, mean probing depth, attachment loss and bleeding on probing) in the different TBX21 genotype carriers (Fig. 2) . When T-bet and IFN-g expression levels were correlated with the clinical parameters irrespectively of the TBX21 genotypes, no positive correlations were observed (data not shown).
TBX21 genotype vs the pattern of bacterial infection, modulation of T-bet and IFN-g levels, and clinical parameters
The detection frequency of the red complex's bacteria (Table 4) , as well the bacterial load was significantly higher in the CP group in comparison to the H controls (P < 0.001). The dichotomic analysis of detection frequency (positive or negative) of P. gingivalis, T. forsytia, and T. denticola in H and CP groups demonstrated no influence of TBX21 genotype in the odds to suffer periodontal infection [ Table 4 ]. Since the groups/microbes stratification resulted in 'zero' subjects with CC genotype positive for T. forsytia and T. denticola (making the Fischer´s exact test analysis impossible) the comparative analysis was carried out based in the TBX21 C and T alleles instead of the genotypes [ Table 4 ]. Notwithstanding the lack of association of genotype with the red complex bacteria detection, we evaluated the possible variation in the bacterial load in the distinct TBX21 genotype carriers [Fig. 3] . In this case, despite a trend toward higher bacterial levels in association with the T allele in CP patients, no statistically significant differences were observed [ Fig. 3] . Also, no significant association was observed in the load of red complex bacteria within the different TBX21 genotype carriers in the H group (data not shown). We then investigated if the presence and load of the pathogen bacteria could impact the gingival expression levels of T-bet and IFNg among the different genotypes [ Fig. 4 ], dichotomously subdividing the samples in positive/negative for the detection of P. gingivalis, T. forsytia, and T. denticola. The analysis demonstrated no significant difference in T-bet and IFN-g expression levels according to infection status, remaining the TBX21 genotype as the main factor associated with increased T-bet expression in the lesions [ Fig. 4] . Also, the bacterial load of P. gingivalis, T. forsytia, and T. denticola was not correlated with T-bet nor IFN-g expression levels in the periodontal lesions (data not shown). Our results demonstrated a strong monotonic correlation between the absolute load of each individual red complex bacteria with the disease subrogate PD mean [ Fig. 5] . The correlation coefficients (rho) were 0.53 for P. gingivalis (P < 0.0001); 0.48 for T. forsytia (P < 0.0001); and 0.55 for T. denticola (P < 0.0001). In the logistic regression model, when the genetic data was analyzed in interaction with the presence/absence of red complex bacteria as environmental co-variable, the combined effect on disease status was significant for each bacteria species individually: P. gingivalis showed and odds ratio of 9.44 (CI 3.58-24.89) and 10.32 (CI 2.03-52.52) in association with TT and CT genotypes, respectively; T. forsytia showed and odds ratio of 12.41 (CI 4.06-37.88) and 24.94 (CI 2.94-211.06) in association with TT and CT genotypes, respectively; while T. denticola showed and odds ratio of 12.41 (CI 4.06-37.88) and 8.44 (CI 2.02-35.26) in association with TT and CT genotypes, respectively. Nevertheless, the Cochrane-Armitage test for interaction in the trend for the genetic/microbiologic association failed to detect a significant interaction (0.84; 0.29 and 0.86 for P. gingivalis, T. forsytia and T. denticola, respectively).
The ordinary least squared (OLS) regression model including simultaneously the detection of red complex bacteria and genotype (with PD as response variable) failed to detect a significant contribution of the genetic variants in the changes of the dependent variable, while the microbiological data proved significant to explain the variations of PD (P < 0.0001; R-squared 0.3531). When the genotype was fitted in the OLS regression and the logistic regression as the sole explanatory variable it did not demonstrate a significant effect in the outcome (data not shown).
Discussion
Periodontitis is a complex disease in which microbial, environmental and genetic factors interact increasing or decreasing the predisposition to periodontal tissue inflammatory destruction. The principal causative factor recognized of the disease is the periodontal infection by pathogen bacteria, specifically the so called red complex bacteria (P. gingivalis, T. forsytia and T. denticola), which are characterized by their ability to elicit and chronically sustain the host's inflammatory immune response that mediates tissue destruction. Th1-type immune responses have been mechanistically associated with tissue destruction and with the control of experimental periodontal infection. [11] [12] [13] Since the functional TBX21-1993T/C SNP directly impacts Th1-type response development, we conducted parallel case-control and functional studies to address the possible influence of this genetic variant in the susceptibility of developing chronic periodontitis.
We employed a previously validated strategy to increase the power of the case-control study, selecting a "resistant" control population opposed to the "susceptible" subjects presenting chronic periodontitis. 21 The "resistant" control population, represented by chronic gingivitis patients (exposed to microbial challenge without developing the clinical signs of periodontitis) proved significantly different from the "susceptible" chronic periodontitis sample, both in allele frequencies and allele distribution, while the "classical" healthy controls (individuals presetting periodontal health but with a low exposure to chronic microbial challenge due to proper oral hygiene methods) did not prove genetically different from the CP or the CG subjects. These results further support the notion that the "classical" healthy control population usually enrolled in case-control studies in periodontitis is unsuitable for direct comparison with the susceptible patients, since it is arguably composed of a heterogeneous mixture of genetically "susceptible" and "resistant" subjects, whose real phenotype remains unrevealed by the relatively low microbial challenge to which they are exposed. 21 An analogous alternative strategy that has been recently proposed is the enrolment of the "highly susceptible" phenotype as the cases, clinically characterized as aggressive periodontitis patients, increasing the power of www.tandfonline.com 297 Virulence the study, but without addressing the issue of the relatively low exposure of the healthy control group. 23 Our results demonstrated that TBX21-1993 polymorphic T allele carriers were more prevalent in the disease group, proving that the TBX21 SNP polymorphism exerts some influence in disease susceptibility. Previous studies demonstrated that the increased expression of T-bet in polymorphic subjects predispose to a Th1-biased adaptive immune response, which is characterized by a robust and stronger production of pro-inflammatory mediators. 24 Accordingly, the Th1-polarized immune responses have long been implicated in the pathogenesis of periodontal diseases, linked with increased disease severity owing to the proinflammatory and catabolic activities mediated by the prototypic Th1 cytokine IFN-g. [11] [12] [13] Indeed, the expression of both T-bet and IFN-g was significantly higher in diseased than in healthy tissues, reinforcing the assumed association of Th1 response with periodontitis development.
While the case-control data from TBX21 SNP genotypes/ alleles frequency in "susceptible" and "resistant" subjects suggests its involvement in periodontitis susceptibility/resistance, additional experimental approaches were conducted to support such potential association from the functional and mechanistic viewpoints. In this context, our data demonstrate that polymorphic homozygote subjects (TT) exhibited significantly increased expression of T-bet (2-fold change compared to ancestral homozygotes), providing supporting evidence of the functionality of the investigated SNP. In this aspect our result are in accordance with published evidence. 25, 26 However, it is important to notice that despite the strong influence of T allele/genotypes over T-bet expression (2 fold), the subsequent impact over IFN-g expression was significantly lower (1.21-fold), and proved statistically non-significant.
The weak influence of TBX21 genetic variance in the Th1-response expression (represented by IFN-g mRNA levels) reinforces the concept of the complex nature of the leukocyte polarization. Indeed, the local Th1 response (as measured in this study in the gingival biopsies) is the result of leukocyte polarization, probably in the lymph nodes, followed by their migration to periodontal tissues, local stimulation by antigen presenting cells under the influence of a complex local cytokine milieu, followed by the continuous regulation of Th1 cells by the local cytokine networks. 27, 28 As a matter of fact, while Th1 cells exhibit epigenetic stability at signature transcription factor loci level, a number of other factors such as chromatin modifications and intergenic noncoding RNAs (such as Tmevpg1) can decisively impact IFN-g production. 29, 30 Nevertheless, it is worth noting that regardless of the TBX21 genotype, CP subjects exhibited an overall 10-fold increase in IFN-g expression compared with the H group, and T-bet and IFN-g levels presented a significant statistical correlation (even though such correlation was relatively weak) in periodontal lesions, reinforcing the association of T-bet with Th1 responses in situ. However, no clear association was observed between the TBX21 genotype with the clinical parameters of chronic periodontitis, or between T-bet and IFN-g expression levels and the clinical parameters of periodontitis. Such lack of a significant association between clinical phenotype and genotype (and T-bet and IFN-g levels) could be explained by the multifarious and overlapping layers of finely tuned processes which intervene in the pathogenesis of the disease. A single SNP (even one accounting for a major change in an important pathway of immune response, such as TBX21-1993T/C) is unlikely to produce such a large phenotype change to be evident in a routine clinical periodontal examination. 4 Accordingly, despite the proven association between pro-inflammatory cytokines (such as IL-1b and TNF-a) with periodontitis onset and progression, 31 previous studies have failed to provide a strong correlation between the levels of such mediators and the clinical parameters of periodontitis. [32] [33] [34] Interestingly, in spite of the demonstrated association between IFN-g and the control of experimental periodontal infection, 13 our results indicated a lack of significant interaction in the trend between microbiological data and genotype. One possible explanation derives from the diluted impact of TBX21 variants on the Th1 response outcome, as measured by the local IFN-g levels. Additionally, we must consider that other cytokines, such as TNF-a and IL-6, are supposed to contribute to the control of periodontal infection, as suggested by experimental models and human studies data. [33] [34] [35] It is also important to consider that the experimental evidence linking IFN-g with the control of periodontal infection derives from IFN-KO mice, which obviously represent an extreme situation that does not reflect the variation in IFN-g levels observed in humans. 13 Correspondingly, published evidence from our group demonstrated that after the hostś immune response reach a minimal threshold that confers protection, the increase of host responsiveness in degree/intensity does not provide additional protection and, conversely result in heightened tissue damage. 36 It is also important to mention that, contrary to previously described for TNF-a and IL-1b, the local levels of T-bet (and in a lower extent, the IFN-g levels) are not influenced by the presence/absence or load of the red complex pathogens.
33,34 While TNF-a and IL-1b production is supposed to be derived by immediate stimulation of leukocytes and resident cells by microbial components in the lesions, our results suggests that Th1 polarization (represented by T-bet expression) is probably a process centered in the lymph nodes, with a minor influence from the gingival environment per se. Accordingly, modification in the lymph nodes environment by co-morbidities, such as arthritis, can trigger or exacerbate periodontitis. [37] [38] [39] On the other hand, the local expression of Th1 markers in the lesions (represented by IFN-g levels), as previously discussed, is influenced by numerous other factors, including the complex local cytokine milieu. 27, 28 Indeed, the complexity of local cytokine milieu in infectious chronic inflammatory osteolytic lesions, such as periodontitis and periapical lesions, is far from being completely understood. In a recent study that investigated various Th expression markers, we demonstrated that multiple cytokine clusters are accountable for the activity of osteolytic lesions, including Th1-, Th17-and Thf-biased clusters. 14 While the immune response pattern associated with a clear disease outcome seems to vary significantly, the common point among progressive lesions (in both periodontitis and periapical lesions) seems to be the presence of recognized pathogens. [40] [41] [42] [43] 
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Therefore, the data presented herein demonstrates a disproportionate large effect of the presence/absence of red complex bacteria with the disease status and the periodontitis subrogate variable PD. Even though the T-allele carriers were enriched in the diseased group, and the TT and CT genotypes were overrepresented in the CP patients group (indicating an association of the SNP with the disease status); the environmental microbiological covariate obscures this association in the logistic regression model. This is also true for the OLS regression model, where the microbiological data accounted for a 35% of the variation of the response variable PD, and the genetic variance proved insignificant when fitted into the model. It is also worth noting that the genetic data failed to demonstrate a significant effect in the OLS regression (PD as outcome) and in the logistic regression (disease as outcome) when tested as the sole explanatory variable.
In summary, the data presented supports the previous indicatives that TBX21-1993T/C (rs4794067) polymorphism is in fact functional, and that genotypes carrying the T allele are associated with a noticeable increase in T-bet transcription as well as a significant (while modest) increase in the risk to develop chronic periodontitis. Interestingly, the marked impact of TBX21-1993 T allele is not reflected in a similar magnitude in the IFN-g transcription, and does not influence the pattern of pathogen bacterial infection or the clinical parameters of disease severity, being the presence/absence of red complex bacteria the main factor associated with the disease status and subrogate variable PD in the logistic regression analysis. However, it is important to consider that the crosssectional nature of the study design poses limitations on the conclusions that can be inferred from the data. Further, it is possible that uncontrolled variables in the recruitment phase of the study could have influenced the results. Particularly, although the voluntaries were age and gender matched, no socio-economical information was recorded. Since socio-economic factors can impact the development of periodontitis, it is possible that this uncontrolled confounder exerted some impact in the reported results. Nevertheless, it is worth considering that the population that uses the services from the dental clinic of the Ribeirão Preto Dentistry School is fairly homogeneous in socio-economic terms, so the effect of this confounder is arguably limited.
Also, it is possible that the single time point sampling caused the lack of association between genotype and microbiological data and that a time-series sampling strategy could overcome this issue. Indeed, the very nature of the pathogenesis of periodontal disease impedes a simple straightforward association between a particular genotype and disease phenotype, requiring for its development the cumulative effect of multiple genes and environmental causal factors, each of which are neither necessary nor sufficient to individually cause the disease. 44, 45 The simultaneous analysis of numerous functional SNPs and multiple microbiological, metabolic and immune markers through hypothesis-free tools (such as cluster analysis) becomes necessary in order to unveil the complicated and intermingled paths that tip the balance from health to disease. The way to future discovery and insight in the paths that leads to disease must contemplate the simultaneous association of known causative factors (such as red complex infection), with multiple putative disease markers (genetic, environmental, metabolic, inflammatory, etc.) in order to construct valid explanatory and prognosis models. The knowledge gained from these kinds of approaches will provide the tools for the development of more specific diagnostic protocols and therapeutic interventions.
Materials and Methods
Study population and sample collection Patients and controls from the São Paulo state, south-eastern region of Brazil, scheduled for treatment at the Dentistry School of University of Ribeirão Preto (UNAERP), were submitted to anamnesis, radiographic study and clinical examination by an experienced periodontist (scored for bleeding on probing, probing depth and clinical attachment loss). All enrolled subjects signed an informed consent form that was approved by the Institutional Review Board, and received supra gingival prophylaxis. Exclusion criteria was applied as follows: not providing informed consent; medical history indicating evidence of known systemic modifiers of periodontal disease, and having received periodontal therapy in the previous 2 years. Current and former smokers were specifically excluded. No strategy was used to identify subpopulations (population stratification) or population relatedness among the recruited subjects. After the diagnostic phase, patients were subsequently categorized into healthy (H; n D 218) (the classic control), chronic gingivitis (CG; n D 193)(the 'resistant' phenotype control) or chronic periodontitis (CP; n D 197)(the susceptible subjects, the case-study group) groups, as previously described. 21, 33 Epithelial buccal cells were sampled scrapping the inner cheek buccal mucosa after a mouthwash with 3% glucose in all groups; while biopsies of gingival tissue and microbiological samples were collected from fractions of CP and H groups as previously described in detail. 21, 33 Patients in the chronic periodontitis group (CP; n D 197) presenting moderate to advanced periodontitis (at least one teeth per sextant with probing depth > 6mm and clinical attachment loss >3 mm plus radiographic evidence of extensive bone loss [>30% alveolar bone height in at least 50% of teeth]), received basic periodontal therapy. Biopsies of gingival tissue (one sample from each patient) were obtained during surgical therapy of the sites that exhibited no improvement in clinical condition (i.e. persistent bleeding on probing and increased probing depth) 3-4 weeks after the basic periodontal therapy (n D 123). Gingival biopsies were taken during surgical therapy as previously described 34 and comprised junctional epithelium, pocket epithelium and gingival connective tissue. The healthy control group (H; n D 218) included subjects with clinically healthy gingival tissues (<10% of bleeding on probing; no sites with probing depth >3 mm, no clinical attachment loss and www.tandfonline.com 301 Virulence no radiographic evidence of alveolar bone loss) scheduled to undergo restorative dentistry procedures. A representative fraction of the control group (n D 63) was also scheduled to surgical procedures for restorative/prosthetic reasons, when biopsies of healthy gingival tissue were taken. Gingival biopsies were taken from sites showing no bleeding on probing and probing depth <3 mm during surgical procedures due to esthetics, orthodontic and/or prosthetic reasons, and also comprised junctional epithelium, gingival crevicular epithelium and gingival connective tissue, as previously described. 34 The chronic gingivitis group (CG; n D 193), representing a 'resistance phenotype' to case-control analysis, 21 was composed of subjects with clinical history of poor oral hygiene, bleeding on probing >70% of periodontal sites and no clinical attachment loss (CAL) or radiographic evidence of alveolar bone loss. Due to ethical restrictions (lack of indication of surgical therapy) no gingival samples were collected from CG group. The clinical features of the groups are summarized in Table 1 .
In order detect and quantify P. gingivalis, T. forsythia and T. denticola, periodontal crevice/pocket biofilm samples were collected with a sterile paper point ISO #40 from the same site biopsied immediately before the periodontal surgical procedure (H n D 63; CP n D 123), as described elsewhere. 46 Since no surgical procedures were conducted in CG group due to ethical restrictions as previously mentioned, no samples for microbiological analysis were collected from CG group.
Analysis of TBX21-1993T/C SNP (rs4794067) DNA was extracted from epithelial buccal cells with sequential phenol/chloroform solution and precipitated with salt/ethanol solution, as described elsewhere. 47 Extracted DNA was immediately used for genotyping. DNA integrity was checked and the allelic discrimination of TBX21-1993T/C SNP (rs4794067) variants was performed in 3 mL reactions using Taqman (Applied Biosystems, Warrington, UK) chemistry as previously described. 48, 49 Genotyping was performed blinded to group status. For reaction quality control, a sample of known genotype was included in the plate and a no DNA template sample was included as negative control. Only genotypes with an automatic call rate >95% were considered, error rate was <3%. Samples that failed to provide a genotype were repeated in additional reactions. Genotyping procedures, from isolation to allelic discrimination and data analysis was performed in the laboratory of Osteoinmunology of the Bauru Faculty of Dentistry of the University of Sao Paulo.
Real-Time PCR reactions -IFN-g and T-bet mRNA quantification
The extraction of total RNA from periodontal tissues samples was performed with Trizol reagent (Invitrogen), and the cDNA synthesis were accomplished as previously described. 34 RealTime-PCR mRNA or DNA analyses were performed in an MiniOpticon system (BioRad, Hercules, CA, USA), using SybrGreen MasterMix (Invitrogen), specific primers (IFN-g: sense ATGAAATATACAAGTTATATCATGC, antisense TGTTT-CGAGGTCGAAGAGCATCCCAGTAA; T-bet: sense CCTCTTCTATCCAACCAGTAT, antisense CTCCGC-TTCATAACTGTG; Beta-actin: sense ATGTTTGAGACCTT-CAACAC, antisense CACGTCADACTTCATGATGG) and 2.5ng of cDNA in each reaction, as previously described. 32, 33 The standard PCR conditions were 95 C (10 minutes), and then 40 cycles of 94 C (1 minute), 56 C (1 minute), and 72 C (2 minutes), followed by a standard denaturation curve. Negative controls without cDNA and without the primer/probe sets were also performed. Calculations for determining the relative levels of gene expression were made from triplicate measurements of the target gene, with normalization to b-actin in the sample, using the cycle threshold (Ct) method and the 2 DDct equation, as previously described.
33
Real-Time PCR reactions -bacterial DNA quantification In order to detect P. gingivalis, T. forsythia and T. denticola, periodontal crevice/pocket biofilm samples were collected with a sterile paper point ISO #40 from the same site biopsied immediately before the periodontal surgical procedure (H n D 63 and CP n D 123), as described elsewhere. 46 Bacterial DNAs were extracted from plaque samples by DNA Purification System (Promega). 34 RealTime-PCR mRNA or DNA analyses were performed in a MiniOpticon system (BioRad), using SybrGreen MasterMix (Invitrogen), specific primers (P. gingivalis: sense TGCAACTTGCCTTACAGAGGG, antisense ACTCG-TATCGCCCGTTATTC; T. forsythia: sense GGGTGAG-TAACGCGTATGTAACCT, antisense ACCCATCCGCAACCAATAAA; T. denticola: sense AGAG-CAAGCTCTCCCTTACCGT, antisense TAAGGGCGGCTT-GAAATAATGA), and 5ng of DNA in each reaction. 33 The standard PCR conditions were 95 C (10 minutes), and then 40 cycles of 94 C (1 minute), 56 C (1 minute), and 72 C (2 minutes), followed by a standard denaturation curve. The positivity to bacteria detection and the bacterial counts in each sample were determined based on the comparison with a standard curve comprised by specific bacterial DNA (10 9 to 10 2 bacteria) and negative controls, similar to previously described, 21, 33 and then adjusted for sample dilution in the assay to obtain the copy numbers in each site (i.e., absolute load). The sensibility range of bacteria detection and quantification of our RealTime-PCR technique was of 10 3 to 10 8 bacteria to each of the 3 putative periodontal pathogens tested.
Statistical analysis
The Shapiro-Wilk test was performed to test the distribution of all test groups prior to comparative analysis; P-value >0.05 was considered indicative of normal distribution. The differences in the demographic and clinical data for the study populations were tested with the Fisher´s exact test, rank sum Wilcoxon test (Mann-Whitney U test) and one-way ANOVA or Kruskal-Wallis test, depending of the data distribution. The intra examiner agreement was tested by Cohen's kappa 4 times a year during the recruiting phase of the project using the repeated measures strategy, a kappa value >0.81 was considered the critical value (regarded as almost perfect agreement). Genotype and allele distribution among groups was tested by Fisher´s exact test and the equality of proportions test. The bacterial load between CP and H groups was compared by the rank sum Wilcoxon test (MannWhitney U test); the microbiological data was compared between genotype groups inside the CP and H groups by the KruskalWallis test. The T-bet and IFN-g expression levels were compared by the unpaired t test and rank sum Wilcoxon test (Mann-Whitney U test). All tests were performed in Stata11.1 (College Station, TX USA) or GraphPad Prism 5.01 (San Diego, CA USA). Power calculation of the study was performed using CaTS software (Department of Biostatistics and Center for Statistical Genetics, University of Michigan) as elsewhere described 50 using Multiplicative, Additive, Dominant and Recessive models. Chi-squared test with 1 degree of freedom was performed to test the Hardy-Weinberg equilibrium in the allele frequencies of the study populations, using the Hardy-Weinberg equilibrium calculator including analysis for ascertainment bias online-based tool. 51 The association between genetic and microbiological data was tested by logistic regression and CochraneArmitage interaction in the trend analysis using the SNPStats web-based tool. 52 A P-value < 0.05 was considered statistically significant.
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